The present study investigates the heat transfer in an electrically conducting Oldroyd-B fluid through a channel with stretching walls in the presence of an applied magnetic field. The governing partial differential equations are reduced in a set of nonlinear ordinary differential equations using dimensionless variables. An implicit finite difference method is employed to develop a numerical solution at each spatial node for the governing nonlinear differential equations. The obtained results are analyzed and discussed graphically under the influence of controlling pertinent parameters.
Introduction
Fluid flows are present everywhere in nature and vital to plants, animals and people living on earth. In recent years, the study of non-Newtonian fluids has gained a great attention of engineers and scientists due to its important applications in various branches of science, engineering and technology. These applications can be found particularly in chemical and nuclear industries, material processing, geophysics and biomedical engineering. The magnetohydrodynamics (MHD) flows and heat transfer characteristics of non-Newtonian viscoelastic fluids in a channel with stretching walls have many applications in engineering and industry, for example, in the extrusion of a polymer sheet from a die, is a case where sheet is stretched.
The rates of stretching and cooling have a significant influence on the quality of final product with desired characteristic. Crane [1] first studied the boundary layer flow due to a stretching sheet which moves in its own plane with a linear velocity of the surface. Gupta and Gupta [2] discussed the heat and mass transfer in a viscous fluid over a stretching sheet with suction or blowing. Initially Pavlov [3] investigated the effects of a transverse magnetic field on the flow over a stretching sheet, and later many other authors see, Chakrabarti and Gupta [4] , Kumari et al. [5] , Ishak et al. [6] , Anderson [7] , Datti et al. [8] , Chamkha [9] , Ali et al. [10] , Beg et al. [11] [12] [13] , Cortell [14] , Khan et al. [15] , Rajagopal et al. [16] and Fetecau et al. [17] discussed the MHD flow of a special class of non-Newtonian fluids known as second order fluid. Sajid et al. [18] reported that the numerical solution of boundary layer flow of an Oldroyd-B fluid in the region of stagnation point past a stretching sheet using finite difference technique. Hayat et al. [19] carried out the heat transfer analysis in MHD flow of viscoelastic Maxwell fluid in a channel with porous walls in the presence of thermal radiation. Hayat and Alsaedi [20] discussed the effects of thermal radiation and Joule heating on MHD flow of an Oldroyd-B fluid with thermophoresis. Zhao et al. [21] found the analytical solution of the unsteady electro-osmotic flow of Oldroyd-B fluid in a capillary under the DebyeHückel approximation. Tripathi et al. [22] discussed the slip effects in the peristaltic flow of generalized Oldroyd-B fluids by using homotopy semi-numerical method. Some further studies on flows of Oldroy-B fluid can be found in refs. [23] [24] [25] [26] [27] [28] [29] .
The flow in a channel induced by stretching or pulsating motion of the walls has also received the attention in the literature. For instance, Misra et al. [30] reported the analysis of unsteady flow of an incompressible viscous fluid in the entrance region of a parallel side channel with pulsating walls. Misra and Pal [31] discussed the hydromagnetic flow of a viscoelastic fluid in a parallel channel with stretching wall. Misra et al. [32] presented the asymptotic series solution for steady flow of an incompressible second grade electrically conducting fluid in a channel by applying uniform transverse magnetic field. In both studies they analyzed the flow of blood in arteries with stretching walls and considered blood as a non-Newtonian fluid.
In another paper, Misra et al. [33] investigated the flow and heat transfer in a viscoelastic (second grade) electrically conducting fluid in a parallel plate channel with stretching walls with an external applied magnetic field. The MHD flow and heat transfer characteristics of a second grade fluid in a channel with oscillating stretching walls in the presence of an externally applied magnetic field was also analyzed by Misra et al. [34] . Hayat et al. [35] studied the analytical series solutions of the flow and heat transfer in a second grade fluid with thermal radiation using homotopy analysis method.
The objective of this paper is to study the MHD flow and heat transfer analysis of an Oldroyd-B fluid in a channel by assuming the channel walls to be stretchable with linear velocity. In fact, the present paper extends the results of ref. [33] for an Oldroyd-B fluid. Numerical solutions of the governing equations in terms of fluid velocity and temperature profiles are constructed using finitedifference method. The model is relevant to dual Sakiadis electromagnetic processing where two sheets parallel to the extruding fluid are used with a magnetic field. It is therefore expected that the outcomes of present study may be used for magnetic materials processing of electroconductive polymers [36] . The physical significance of the controlling governing parameters on the flow field and heat transfer characteristics and analyzed, presented and discussed graphically.
Mathematical Formulation
We consider a two-dimensional, steady and laminar flow of an incompressible Oldroyd-B fluid in a parallel plate channel bounded by planes y = ∓a. The flow inside the channel is induced solely the walls stretching velocity which is assumed proportional to the distance from origin, as shown in Fig. 1 . A uniform magnetic field of strength B 0 is applied in the transverse direction to the channel walls i.e. parallel to y-axis. By imposing the low magnetic Reynold number assumption the induced magnetic field is neglected as compared to the applied magnetic field. The channel walls are maintained at constant temperature T w. The equations that govern the two-dimensional boundary layer flow of Oldroyd-B fluid in the presence of applied magnetic field and heat transfer are [18] ∂u ∂x 
where u and v are the velocity components in the x− and y−directions, respectively, Λ 1 and Λ 2 represent the relaxation and retardation times, respectively, υ is the kinematic viscosity, σ is the electrical conductivity, ρ is the fluid density, T is the fluid temperature, k is the thermal conductivity of the fluid and C p is the specific heat at constant pressure. Since, the flow is symmetric about the centre line i.e., y = 0, therefore we only solve the problem in the domain η ∈ [0, a]. The appropriate boundary conditions are
Introducing the following variable and functions [33, 34, 37] 
with dimensionless variables
Eq. (1) is identically satisfied and Eqs. (2)- (4) yield
where prime denotes the differentiation with respect to η, λ 1 (= bΛ 1) , λ 2 (= bΛ 2) are dimensionless material parameters of fluid, M = σB 2 0 /ρb is the Hartmann number and Pr = μcp /k is the Prandtl number. In the derivation of above equations it is assumed that υ = ba 2 . A similar procedure of derivation of governing equations for stretched flow in channel is also utilized by [33, 34] .
Finite difference Method
In this section, we give the detail of implemented finite difference scheme to obtain the approximate numerical solution of Eqs. (6) and (7) subject to boundary conditions (8) and (10) . Let us define an iterative procedure to determine a sequence of functions
. . in the following manner. We choose f (0) (η) and θ (0) (η) as an initial guess, then
. . are calculated successively from the following iterative formula:
with the boundary conditions
Eqs. (10)-(13) yield one linear differential boundary value problem for each iteration step (n + 1) which can numerically solved by direct finite difference scheme. Employing central difference formulas of derivatives, Eqs. (10)-(13) in discretized form become
Now, at cross section y ∈ [0, L] an algebraic system of equations is obtained which can be solved using Gauss elimination method. The iterations are performed until convergent solution is obtained. We solve the boundaryvalue problems (14) (15) for the iterative step (n + 1) to obtain an estimated value of f (n+1) :f (n+1) and an estimated value of θ (n+1) :θ (n+1) then f (n+1) and θ (n+1) are defined by the formula
where ξ ∈ (0, 1] is a real under-relaxation parameter. The value of ξ is chosen so small that convergent iteration is reached. The above numerical procedure is also implemented by other researchers to their use, for instance see [38, 39] .
Result and discussion
The numerical procedure discussed in previous section for solving governing boundary value problem given in Eqs. (6)- (10) is implemented using MATLAB. The numerical results are obtained at each node for both velocity components f (η) and f (η) and temperature distribution θ (η) . The influence of the controlling governing parameters appearing in the problem on velocity and temperature is presented and discussed through Figs. 2-10. Fig. 2 explains the effects of dimensionless relaxation time constant λ 1 on the normal velocity component f (η) with fixed values of dimensionless retardation time constant and Hartmann number. From this figure it is evident that increasing the value of relaxation time constant λ 1 decreases the magnitude of the fluid velocity f (η) . The parameter λ 1 characterizes the viscoelastic nature of fluid. Thus, the secondary flow generated by stretching walls diminishes by increasing the viscoelasticity of the fluid. This deceleration in normal component of flow velocity might be due to enhanced shear-thinning in viscosity for large values of relaxation time. Fig. 3 shows the change in the fluid velocity f (η) for several values of dimensionless retardation time constant λ 2 by keeping other parameters fixed. It is noticed from this figure that the effect of retardation time constant λ 2 on the velocity f (η) is quite opposite to the effect of relaxation time constant λ 1 i.e. an increase in retardation time constant λ 2 increases the magnitude of the velocity. This may be expected because the effects of λ 2 is to counteract the effect of λ 1 . Fig. 4 gives the variation in the velocity component f (η) for various values of Hartmann number M by keeping λ 1 and λ 2 fixed. We can see from this figure that increasing the value of Hartmann number M decreases the magnitude of the f (η) . This is perhaps due to the fact that magnetic force acts as a resistance to the flow. Fig. 5 illustrate the influence of dimensionless relaxation time constant λ 1 on the horizontal component of velocity f (η) with λ 2 = 1 and M =0.5. We note from this figure a decrease in magnitude of fluid velocity near the centre of channel. However, as the distance increases from the centre of the channel wall, the fluid velocity shows reverse behavior. It is also seen that an increase of λ 1 leads to flatter velocity profile as a consequence of enhanced shearthinning in viscosity. Fig. 9 shows the variation of temperature field θ (η) for several values of magnetic parameter M with λ 1 = 0.5 and λ 2 = 0.05 and Pr = 15. From this figure it is evident that the role of the magnetic field M is to decrease the temperature profile θ (η)of the fluid. Fig. 10 shows the behavior of the temperature distribution θ (η) for different values of dimensionless relaxation time constant λ 1 with all other parameters are fixed. We infer from this figure that the temperature of the fluid decreases by increasing the relaxation time constant λ 1 . Fig. 11 depicts the change in the temperature profile θ (η) for various values of dimensionless retardation time constant λ 2 with λ 1 = 5, Pr = 12 and M =0.5. Contrary to the observation made in Fig. 11 , the temperature is found to increase with increasing λ 2 . 
Conclusions
A numerical solution for non-isothermal MHD flow of an Oldroyd-B fluid through a channel with stretching walls is presented. The obtained numerical results for the transformed ordinary differential equations are graphically displayed and discussed for various values of controlling governing parameters appearing in the problem. The main findings of the present study are as follows: 
